PURPOSE-To examine race/ethnic specific patterns of association between neighborhood socioeconomic status (NSES) and a cumulative biological risk index in a nationally representative population.
INTRODUCTION

Race, Neighborhood Socioeconomic Status and Health
Numerous studies have shown that living in low socioeconomic status (SES) neighborhoods is associated with negative health outcomes, including cardiovascular disease (1-3) and mortality (4) and that these effects are independent of individual SES. Less well examined, however, is the extent to which substantial racial/ethnic differences in levels of neighborhood deprivation intersect with observed neighborhood relationships to health, resulting in persisting questions regarding the extent of likely confounding effects of race (5, 6) . As several United States (US) population samples have shown, African American and Hispanic individuals live in predominantly deprived areas, while whites are more heavily represented in the highest socioeconomic areas (6) (7) (8) . Race and neighborhood socioeconomic status (NSES) are, in fact, so intertwined that it is often difficult to tease apart their separate effects on health (5) . For example, previous analyses of data from the National Health and Nutrition Examination Survey (NHANES), a nationally representative sample of the US population, reveal that there is limited overlap between white and minority populations with regard to NSES, with relatively few whites in the lowest SES neighborhoods and few blacks in the highest SES neighborhoods (6) .
Given the vastly different NSES distributions in different race/ethnicity groups and the fact that the associations of individual SES with health outcomes are also different by race/ ethnicity (9) (10) (11) , it is important to examine NSES-health associations separately in the different race/ethnicity groups. The large, nationally representative NHANES population sample offers a unique opportunity to investigate the possibly different race/ethnic specific patterns of relationships between neighborhood characteristics and health as a result of the large sample, with over-sampling of both African Americans and Mexican Americans. (12) .
Neighborhood socioeconomic status and cumulative biological risk profiles
Researchers have suggested that multiple pathways are involved in a neighborhood's influence on negative health outcomes. These include fewer physical resources, such as recreational facilities (13, 14) and limited access to healthy and affordable food (15) (16) (17) . In addition, individuals living in low SES areas are less likely to obtain adequate and preventive health care (18) . Moreover, exposure to violence and stressful life events are greater in more disadvantaged neighborhoods (19) . These factors, individually and synergistically, operate through multiple biological pathways to negatively influence health in disadvantaged neighborhoods.
Psychosocial adversity is known to affect multiple regulatory physiological systems, and cumulative, multi-system indices of physiologic dysregulation, such as allostatic load (AL), are able to comprehensively capture psychosocial influences on biology, better than individual biomarkers (20) . Previous research, including recent analyses of NHANES III data (21) , has shown that lower individual SES is associated with greater AL, as indexed by a count of biological parameters (representing multiple biological systems) in high-risk zones (22) . Similar findings have also been reported from the Normative Aging Study (23) , the Wisconsin Longitudinal Study (24) , and a national sample in Taiwan (25) . To date, however, there have been no studies examining the association between AL and neighborhood SES. Prior work has focused on individual biological parameters, including BMI (7), cholesterol (7), blood pressure (7, 26) and C-reactive protein (27) . While useful in elucidating neighborhood relationships to various biological pathways, such analyses likely fail to capture the total scope of the biological impact of neighborhoods, and thus likely underestimate the impact of neighborhood characteristics on health risks.
Health risks accrue from changes in multiple biological systems; for instance, cardiovascular risk accrues from changes in blood pressure, blood glucose, lipids, body fat, and chronic inflammation (20) . Hence, to assess the full scope of neighborhood influences on health risks, it is likely important to move beyond examination of neighborhood associations with individual biomarkers. A cumulative, multi-system index, reflecting multiple biological factors that contribute to health risks, may better capture the global biological impact of living in disadvantaged neighborhoods.
Objective-Our objective was to evaluate the association between AL and NSES separately in the 3 major race/ethnic groups.
METHODS
The study sample included participants in the NHANES III survey of a nationally representative sample of the US population with interview, clinical exam, and laboratory components (12) , conducted between 1988 and 1994.
NHANES III data were geocoded based on home address and merged with select US Census variables. Data on neighborhood characteristics were derived from 1990 and 2000 Decennial Census data and interpolated to the corresponding years that participants were surveyed in NHANES III, assuming a constant rate of change in neighborhood conditions between decennial census years (with the exception of the1988-1989 survey that was directly linked to 1990 Census data). These census measures were linked to individual respondents in the NHANES III sample via census tract identifiers.
Selection Criteria
We initially included all NHANES participants, ages >=20 (n=18,825). From this adult sample, we excluded those whose addresses could not be geocoded directly to census tracts (n=2,626), and those who were pregnant and who did not attend the NHANES Mobile Examination Center (MEC) exam (n=2,232). In addition, we excluded those missing AL score, US birth, and education information (n=129). NSES categories were created from this sample (n=13,838). For the stratified analyses we excluded those whose race/ethnicity was coded as "other" (n=639), since this group represented a mixture of various other race and ethnic groups (as well as those classified as "unknown"). The total remaining sample size was 13,199 (65.8% of the adult sample).
Outcome-Data based on nine biomarkers were used to create an overall multi-system summary index of risk, to reflect the cumulative extent of physiological dysregulation across multiple systems, or allostatic load (20) . Biomarkers included inflammatory, metabolic and cardiovascular indicators: serum levels of C-reactive protein, albumin, glycated hemoglobin, total cholesterol, and high-density lipoprotein (HDL) cholesterol, waist-to-hip ratio, systolic blood pressure, diastolic blood pressure, and resting heart rate. For each of the variables, a dichotomous indicator was assigned reflecting high and low risk (1 or 0, respectively), based on clinically accepted "high risk" criteria (see Table 1 ) (28-35). These indicator variables were then summed to create the total AL score. Additional details describing this score, including information on missing variables and imputations, have been recently published (21) . This approach parallels the approach to other count-based indices, including assessments of the metabolic syndrome (28) , and cumulative indices of health behaviors (36, 37) . In these analyses, AL was examined both as a continuous and a dichotomous outcome (AL>=3 vs. AL<3, corresponding to the top quartile vs. the rest).
Neighborhood Socioeconomic Status-An index of neighborhood socioeconomic status was created based on US Census variables linked to census tracts in which participants resided. We utilized factor analysis to select 6 census variables for the NSES index, including: percentage of family households with children not headed only be a female, percentage of male population ages 16 and older that is employed, percentage of households that do not receive public assistance income, percentage of households with income higher than the poverty threshold, median household income, and percentage of population ages 25 and older with high school diploma or higher education. A summary measure of NSES was then constructed by summing z scores for the six variables, a higher score indicating higher SES, with scores ranging from −7.7 to 2.0.. Our study sample included 1,772 neighborhoods. Quintiles of this summary score were created based on its distribution in the study sample (including the "other" race group). We used NSES quintiles as primary predictor in all analyses, to allow for non-linear associations between NSES and AL. The quintile ranges and percent distributions can be found in Table 2 . Individual Socioeconomic Status-Individual level SES variables included education and income. Education was defined in terms of highest level completed, including grade school, some high school, complete high school, some college, complete college or more. Income was measured using the poverty income ratio (PIR), a ratio of household income to the household poverty level determined by area of residence and household size. (38) .
PIR values were classified into five categories (<1, 1-1.99, 2-2.99, 3-3.99, 4-4.99 and 5+). About 2,150 observations were missing a PIR value. The PIR category for these observations was imputed using a single imputation method (39) based on age, gender, race/ ethnicity, US birth, education, marital status, employment status, and neighborhood characteristics: median household income, percent non-Hispanic White, percent foreign born, percent renter-occupied housing units, and percent urban population.
Analysis-All analyses were stratified by race/ethnicity, using as categories: non-Hispanic whites, non-Hispanic blacks and Mexican Americans.
Mixed effects models were used to examine differences in the continuous AL score by quintiles of neighborhood SES score. We initially ran empty models to determine intraclass correlation coefficients (ICC); the ICC was 0.15 for neighborhoods, 0.01 for counties and 0.01 for the NHANES survey design PSU/strata combinations. Random intercepts for census counties and tracts were subsequently included in the mixed effects models, with the understanding that ICCs were low for both NHANES PSU and counties, and that most NHANES PSU are indeed counties (12) . The models were initially adjusted for age, age squared, gender, US birth, urban/rural location, and then additionally adjusted for individual SES (education and PIR). A qu-adratic term for age was included based on previous analyses of NHANES data that determined this term the best fit when examining the relationship between age and allostatic load (40) . Urban/rural status was adjusted for considering previous work that has shown NSES-health effects to be stronger in urban settings (41) . Generalized estimating equation (GEE) models were used to model the log odds of high AL (AL >=3) by quintiles of neighborhood SES score. In sensitivity analyses, we also considered alternate definitions of high AL, defined as >=2 and >=4. We used an exchangeable correlation structure to account for within-neighborhood correlation.
All analyses were weighted using NHANES MEC weights, and used robust (empirical) error variance estimation to account for heteroskedasticity. Analyses were performed at the secure Research Data Center at the National Center for Health Statistics in Hyattsville, MD, and were conducted using SAS version 8.2. Figure 1a illustrates the starkly differing neighborhood SES distributions by race/ethnicity, with the most striking differences seen in the lower range of SES scores for whites versus blacks and Mexican Americans. Indeed, the median NSES score for whites bordered the 2 nd NSES quintile (marked by the dashed lines) while the median for the black and Mexican American populations corresponded to the lowest two NSES quintiles. Figure 1b provides further details regarding these racial/ethnic differences, showing the race/ethnic-specific distribution of NSES scores within each NSES quintile. As shown, the greatest differences are evident in the bottom quintile (Q1), where the distribution of neighborhoods in which blacks live reflect a much lower range of NSES scores than for either Mexican Americans or whites. Table 2 presents the weighted distributions for other major characteristics of the study sample by race/ethnicity. The white participants were slightly older, more educated, had higher income, and higher NSES scores overall. Consistent with this latter finding, whites had higher scores for each of the neighborhood SES characteristics. These differences were statistically significant. Consistent with the graphical displays in Figures 1a & b , Table 2 shows that only 11.1% of whites lived in the lowest NSES quintile, compared to 56.5% of blacks and 47.8% of Mexican Americans. By contrast, 24.4% of whites lived in neighborhoods in the highest NSES quintile whereas only 3.8% and 5.8% of blacks and Mexican Americans, respectively, lived in these types of neighborhoods. Neighborhoods where black participants lived had lower total NSES scores than those of Mexican Americans, although blacks had slightly higher individual-level education and income. Differences in AL between black/Mexican Americans and whites were not statistically significant. Those excluded from the analyses for reasons described in the Methods, had lower average NSES score, were worse off with regard to education and PIR, and had slightly higher AL scores.
RESULTS
For each of the race/ethnic strata, analyses revealed statistically significant associations between average AL scores and NSES, with increasing average AL score associated with decreasing NSES quintiles, after adjustment for age, gender, and US birth (see Table 3 , Model 1). After additional adjustment for individual-level SES (i.e., education and PIR; Model 2) and urban location, these trends remained significant for blacks and Mexican Americans. Blacks had the largest difference in AL between neighborhoods at the lowest and highest NSES quintiles. A slightly smaller difference was apparent between the lowest and highest NSES quintiles for Mexican Americans and differences were much smaller and not significant for whites.
Consistent with these findings, examination of the relative odds of having a "high AL", defined as a score of 3 or more, revealed that the strongest trend across NSES quintiles was for blacks (p-trend=0.02 in fully adjusted model; see Table 4 ). As shown in Table 4 , blacks living in the lowest NSES neighborhoods had over twice the odds of a high AL score as compared with those living in the highest NSES quintile (OR: 2.2, 95%CI: 1.1, 4.1). Nonsignificant trends were seen for both whites and Mexican Americans. The odds of high AL were 30% higher for whites in the lowest NSES quintile compared to the highest (OR: 1.4, 95% CI: 1.0, 2.0), and 70% higher for Mexican Americans, though that measure was not statistically significant (OR: 1.7, 95% CI: 0.8, 3.3).
Sensitivity analyses of the main results using alternative definitions of "high" AL (i.e., AL>=4 and AL>=2) revealed parallel findings for the former (i.e., AL>=4) with a statistically significant trend for blacks, and similar, though weaker, trends for the latter (i.e., AL>=2) (data not shown). Fully adjusted models in tables 3 and 4 were also re-fit considering only original PIR values (without any imputations) and the results were similar to the main analyses (data not shown). Parallel sets of sub-analyses for each of the 3 major subscales comprising the AL index (inflammation, metabolism and cardiovascular risks) revealed similar patterns in each case to those observed for the overall index, supporting the argument that multiple systems are similarly, negatively impacted by residence in a lower SES neighborhood (data not shown).
To further explore the possibility that NSES may impact AL differently, depending on whether you live in an urban vs. rural area, we also ran exploratory analyses, testing for potential interactions of urban/rural status and NSES. Only one significant interaction was found (p=0.04) for Mexican Americans, when considering risk of high AL (>=3 vs. <3). Models stratified by urban status for Mexican Americans revealed a significant negative association only in urban neighborhoods (OR for Q1 [lowest NSES] vs. Q5 [highest NSES] was 2.1, 95% CI: 1.0-4.3, and p-value for trend across NSES levels=0.02); there was no statistically significant risk and no apparent gradient for Mexican Americans in rural areas (p-value for trend=0.2).
DISCUSSION
These results show that those living in neighborhoods in the lowest NSES quintiles had higher levels of AL, compared to those living in neighborhoods at the highest NSES quintile, after adjusting for age, gender, US birth, urban location, education and income. This pattern was found in all 3 race/ethnic groups, although it was strongest and statistically significant only for the black population. This pattern of results was found to be robust across alternative measures of AL. For Mexican Americans this trend was statistically significant only in urban locations.
The pathways that might link low NSES to higher AL include factors that are associated with deprived neighborhoods that have also been shown associated with higher health risks represented in the AL index, including fewer physical activity resources, such as recreational facilities (13, 14) , limited access to healthy and affordable food (15) (16) (17) , inadequate preventive health care (18) and exposure to violence and stressful life events (19) .
The statistically significant risks and trend for blacks contrasts with previous studies that found only weak NSES-health associations in that population (1, 4, 42, 43) . Those studies, however, had fewer African Americans, and only included people from a few select counties in the US. Consistent with our findings, Cubbin et al examined the role of NSES using the same data (7) and found that it is associated inversely with diabetes and body mass index in black women (but not in white or Mexican American women) and with non-HDL cholesterol in black men (but not in white or Mexican American men). By using a multisystem biological index of risk, we were able to demonstrate NSES effects on cumulative biological dysregulation in all race/ethnic groups, with the largest and most consistent effects among blacks.
There are several possible reasons why AL scores may be most elevated in the lowest NSES quintile among blacks and less so for Mexican Americans and even less for whites. Although the quintiles were defined identically for all three race/ethnic groups, the characteristics of the actual neighborhoods in which the different groups live are quite different, with the starkest differences seen among those living in the lowest SES neighborhoods. Indeed, as Figure 1b clearly illustrates, within the lowest NSES quintile, the range of NSES scores is lower for blacks than for either Mexican Americans or whites. Thus, the significantly worse AL scores seen for blacks living in the lowest NSES quintile neighborhoods may reflect the fact that at least a portion of those blacks are living in neighborhoods of notably lower SES than those of whites in the lowest NSES quintile. Likewise, Mexican Americans in the lowest NSES quintile live in neighborhoods of lower SES compared to whites, though the SES range of their neighborhoods does not go as low as that of the black population. Thus, the greater differentials in AL by NSES seen for blacks and Mexican Americans may reflect the fact that the most deprived neighborhoods in which blacks and Mexican Americans live are worse off than the lowest SES neighborhoods for whites. The stronger association between NSES and AL for Mexican Americans living in urban areas was not predicted and requires future replication and elucidation of reasons for such effects in Mexican Americans versus other race/ethnic groups. Possible explanations that require further investigation include more detailed evaluation of the types of urban vs. rural neighborhoods inhabited by Mexican Americans versus other race/ethnic groups and whether this results in greater differentials in relevant neighborhood characteristics in the urban vs. rural settings, including availability of various resources such as food choices or liquor.
Strengths and Limitations
The strengths of this study include a study sample that is representative of the general US population, racially and ethnically diverse, as well as large enough to explore NSES-health relationships separately within the major race/ethnic groups. Moreover, the range of biological data allowed us to create a summary index of cumulative biological risk that captures information about multiple major biological systems.
A significant limitation of this study is the cross-sectional nature of the data. The biological and demographic data were only available at one point in time. We were thus unable to establish with certainty the temporal association between place of residence and onset of biological risk. We were also not able to assess contextual socioeconomic factors (substandard housing, lack of health clinics, lack of recreational facilities etc); the NSES measure we used was entirely compositional (i.e., based on SES of individuals in the neighborhood). While many neighborhood studies rely on such compositional measures (1, 4, 8, 42, 43) , future studies should consider contextual measures that would more specifically describe a neighborhood's SES, independent of its residents' individual means.
Conclusions and Policy Implications
National data indicate strong associations for blacks between living in low NSES neighborhoods and greater cumulative biological risk profiles. These data suggest that such associations are apparent, although weaker, for Mexican Americans and even weaker for whites. Consistent with this finding, the low SES neighborhoods where blacks live are characterized by worse socioeconomic conditions than the low SES neighborhoods of whites and Mexican Americans. These findings confirm previous studies (7, 44) and highlight the degree to which economic segregation impacts the health risks of those living in the lowest NSES neighborhoods. Clearly, future policy and research should direct its attention to these economic and racial disparities in light of the growing evidence of their fundamental impacts on our public health. 
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